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Plate Geq metktks 

This invention relates to fuel cells and electrolysers, and is particularly, although' not 
exclusively, applicable to proton exchange membrane fuel cells and electrolysers. 

Fuel cells are devices in which a fuel and an oxidant combine in a controlled manner to produce 
electncity directly. By directly producing electricity without intermediate combustion and 
generation steps, the electrical efficiency of a fuel cell is higher than using the fuel in a 
traditional generator. This much is widely known. A fuel cell sounds simple and desirable but 
many man-years of work have been expended in recent years attempting to produce practical 
fuel cell systems. An electrolyser is effectively a fuel cell in reverse, in which electricity is used 
to split water into hydrogen and oxygen. 

Both fuel cells and electrolysers are likely to become important parts of the so-called "hydrogen 
economy". In the following, reference is made to fuel cells, but it should be remembered that 
the same principles apply to electrolysers. One type of fuel cell in commercial production is the 
so-called proton exchange membrane (PEM) fuel cell [sometimes called polymer electrolyte or 
sohdpolymer fuel cells (PEFCs)]. Such cells use hydrogen as a fuel and comprise an 
electrically insulating (but ionicaUy conducting) polymer membrane having porous electrodes 
disposed on both faces. The membrane is typically a fluorosulphonate polymer and the 
electrodes typically comprise a noble metal catalyst dispersed on a carbonaceous powder 
substrate. This assembly of electrodes and membrane is often referred to as the membrane 
electrode assembly (MEA). 

Hydrogen fuel is supplied to one electrode (the anode) where it is oxidised to release electrons 
to the anode and hydrogen ions to the electrolyte. Oxidant (typically air or oxygen) is supplied 
to the other electrode (the cathode) where electrons from the cathode combine with the oxygen 
and the hydrogen ions to produce water. A sub-class of proton exchange membrane fuel cell is 
the direct methanol fuel cell in which methanol is supplied as the fuel. This invention is 
intended to cover such fuel cells and indeed any other fuel cell. 



In commercial PEM fuel cells many such membranes are stacked together separated by flow 
field plates (also referred to as bipolar plates or separators). The flow field plates are typically 
formed of metal or graphite to permit good transfer of electrons between the anode of one 
membrane and the cathode of the adjacent membrane. The flow field plates have a pattern of 
5 grooves on their surface to supply fluid (fuel or oxidant) and to remove water produced as a 
reaction product of the fuel cell. 

. Various methods of producing the grooves have been described, for example it has been 

proposed to form such grooves by machining, embossing or moulding (WOOO/41260), and (as 
is particularly useful for the present invention) by sandblasting through a resist (WOOl/04982). 

10 International Patent Application No. WOOl/04982 disclosed a method of machining flow field 
plates by means of applying a resist or mask to a plate and then using sandblasting (or other 
etching method using the momentum of moving particles to abrade the surface, e.g. waterjet 
macraning), to form features corresponding to a pattern formed in the mask or resist. 
Such a process was shown by WOOl/04982 as capable of forming either holes through the flow 

15 field plates, or closed bottom pits or channels in the flow field plates. The process of 

WOOl/04982 is incorporated herein in its entirety, as giving sufficient background to enable the 
invention. 

In practice, the majority of plates made to date have been formed by milling the channels. 

WOOO/41260 discloses a flow field geometry in which substantially straight parallel channels 
20 are provided of a width less than about 0.75mm. 

WOOO/26981 discloses a similar geometry in which highly parallel flow channels of a width 
• less than SOOurn separated by lands of less than SOOurn are used and in which the inter-channel 
land area is less than 25% of the flow field. Preferred land widths are narrower still. This 
geometry is stated to improve gas distribution as reducing the need for lateral gas dispersion 
25 through the MEA (referred to in WOOO/26981 as the DCC [diffusion current collectors]). The 
geometry is also stated to reduce electrical resistance as it reduces the electrical path length to 



land areas. 



2 



There is a conflict between electrical and gas properties described in WO00/2698 1 , in that 
reduced land areas are stated to increase electrical resistance. WO00/26981 states that these 
conflicting requirements may be optimised. WO00/2698 1 states that me pattern of highly 
parallel micro-channels may contain interconnections or branchpoints such as in hatchings or 
grid patterns. One advantage of the use of narrow channels is stated to be that this encourages 
water droplet formation across the channels so permitting efficient water removal. However this 
advantage may not be seen where a grid pattern is used as the pressure either side of a water 
droplet is likely to be substantially equal. 

Cited against WO00/26981 are:- 

• US 38 1463 1 , which discloses an electrode construction in which micro-channels of 
more than 0.3mm wide are provided in a frame edge leading to a textured electrode in 
which protrusions on one face of the electrode match depressions in the opposed face of 
the electrode. 

• US 5108849, which discloses a plate having serpentine tracks of 0.76mm (0.03 inch) 
width or more with land widths of 0.254mm (0.01 inch) or more. 

• W094/1 1912, which discloses aplate having discontinuous tracks of 0.76mm (0.03 
inch) width and depth. These tracks may be interdigitated. 

• W098/52242, which discloses means for humidifying the membrane, 

Narrow channels are known for other devices, for example, W094/21372 discloses a chemical 
processing apparatus comprising a three dimensional tortuous channel formed by aligning part 
channels in adjacent discs. Such a construction has not been used for a fuel cell. 

None of the fuel cell related patents disclose a structure of relatively coarse gas delivery 
channels leading to fine gas channels. 



ersed-wemy to- their respective electrode surfaces a-so-catied- 



gas difiusion layer (GDL) is placed between the electrode and the flow field plate. The gas 
difiusion layer is a porous material and typically comprises a carbon paper or cloth, often 
having a bonded layer of carbon powder on one face and coated with a hydrophobic material to 
promote water rejection. It has been proposed to provide an interdigitated flow field below a 
macroporous material (TJS-A-5641586) having connected porosity of pore size range 20-100um 
allowing a reduction in size of the gas diffusion layer. Such an arrangement permits gas flow 
around blocked pores, which is disadvantageous. Build up of reactant products (such as water) . 
can occur in these pores reducing gas transport efficiency. Additionally, such a structure 
increases the thickness of the flow field plate. 

The applicant has analysed what happens in a fuel cell and have come to me conclusion that the 
gas diffusion layer does not do what it's name implies. The theory had been that the gas 
diffusion layer serves to permit gas to diffuse across the whole surface of the membrane so mat 
large portions of me membrane are active in the cell reaction. The applicant has found that, in 
simple models, the gas appears not to access the whole of the lands between the channels, but 
only the area above the channels and a.small margin surrounding the channels, the majority of 
the electricity generation taking place in this restricted region. 

This is supported by the observation that interdigitated channels show higher electrical 
efficiencies since the gas is forced into the areas above the lands. The gas diffusion layer does ' 
however actually serve a useful purpose in carrying current from those areas of the membrane 
electrode above the channels to the lands, and in providing mechanical support to the 
membrane electrode to prevent it being squeezed into the channels. It has been proposed by 
some to stiffen the membrane electrode. 

The gas diffusion layer in carrying current from those areas where electricity is generated to the 
lands, does of course result in electrical losses due to the electrical resistance of the gas 
diffusion layer. Present day gas diffusion layers are chosen as a delicate balance between the 
needs of mechanical strength, electrical conductivity, and gas permeability. 



comprises a selectively impregnated body of porous carbon material, the impregnation 
hermetically sealing part of the plate. Such an arrangement has the drawbacks that it j 
complicated to make reproducibly and mat it permits gas flow around blockages 



:is 
as in 



US-A-5641586. 



An assembled body of flow field plates and membranes with associated fuel and oxidant supply 
manifolds is often referred to a fuel cell stack. 

Although the technology described above has proved useful in prototype and in some limited 
commercial applications, to achieve wider commercial acceptance there is now a demand to 
reduce the physical size of a fuel cell stack and to reduce its cost. Accordingly, a reduction in 
the number of components could have beneficial results on size and cost (both through material 
and assembly costs). 

Also, the prior art flow field plates have provided flow fields of matrix, serpentine, linear, or 
interdigitated form but have not looked to other physical systems for improving the gas flow 
pathways. Matrix flow fields (in which a grid of lands is provided to support the gas diffusion 
layer and gas flows between the lands) theoretically provide good gas flow but in practice have 
the disadvantage that water is readily trapped within the matrix and blocks it. Further, any 
blockage can lead to stagnant areas in the flow field. 



areas 



Linear and serpentine flow fields have fewer problems with water blockage or stagnant ; 
but have a lower gas flow for a given pressure drop across the flow field. Serpentine flow field 
patterns also tend to have a problem with gas "short circuiting" by passing from one channel to 
an adjacent channel having a significantly lower pressure. 

Interdigitated flow fields provide a highly efficient delivery of gas but have the disadvantage 
that high pressures are required to force the gas from the mcoming flow field, through the gas 
diffusion layer, to the outgoing flow field and this results in high parasitic losses. 

Additionally, the applicant has modelled the behaviour of conventional flow field plate designs 
and found that under conditions of high demand (e.g. currents of 0.6A/cm 2 or higher) such 
conventional plates are liable to depletion of oxidant and/or fuel over large parts of the flow 
field plate. 



• sufficient land area to support the GDL and maintain a cavity for flow of gas 

• sufficiently narrow channels to prevent the GDL squeezing into and blocking the 
channels under the compressive pressures holding the stack together 

5 • and, from WO00/26981, sufficiently narrow channels to reduce the path length of 

current from areas over the channel to lands, and sufficiently narrow lands to reduce the 
diffusion distance of gas to areas over the lands. 

What WO00/26981 does not solve, except by partition of flow field plates' into separate areas, is 
that narrow channels imply a high pressure drop and so a distinct difference in gas availability 
1 0 from one end of the channels to the other. 

In a conventional flow field plate.design, the pressure at one end (the inlet end) of the flow field, 
is significantly lower than at the other end (the outlet end) as reactant gases are both consumed 
in operation of the fuel cell and because of the resistance to flow of the gases. As the demand 
for fuel or oxidant increases, the ability of such arrangements to "deliver reactant gas effectively 
towards the reactant gas outlet diminishes. The applicant has realised that what is required is a 
means to provide efficient gas delivery to the whole of the working surface of the fuel cell, and 
in particular in the region of the flow field outlet, so that starvation of reactants does not occur. 

The applicant has realised that by looking to physiological systems (the lung) improved flow 
field geometries may be realised that are likely to have lower parasitic losses due to their 
shorter gas flow pathways. In the geometries contemplated, gas is delivered by gas delivery 
channels to a permeable wall, and is then transferred through the permeable wall to gas removal 
channels. 

The applicant has also realised that such geometries are less likely to suffer from gas short- 
circuiting, since such an arrangement permits high flow rates at low pressure drops. Such 
25 geometries also promise more even distribution of reactants over the flow field. 

Accordingly, the present invention provides a flow field plate for a fuel cell or electrolyser, 
comprising one or more gas delivery channels, one or more gas removal channels, and a 
permeable wall separating same. 
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20 
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£ Thcpenneable wa ll m ay comprise apf ara K l y of gas uiflUsiu ii di dauels and may-be^f 

impermeable material. 

The permeable wall may be of convoluted form. 

The permeable wall may have a length of 10 or more times the maximum width of the flow 
5 field. 

Further features of the invention are set out in the claims and as' exemplified by the following 
description with reference to the drawings in which:- 

Fig. 1 shows in plan a flow field plate design in accordance with the invention; 

Fig. 2 shows an enlarged plan view of area A of Fig. 1; 

10 Fig. 3 shows the results of modelling a five track serpentine flow field; 

Fig. 4 shows the results of modelling a flow field in accordance with the present invention and 
the design of Figs. 1 & 2; and 

Fig. 5 shows the results of using an abrasive blasting technique 

Fig. 6 show an alternative a flow field plate design in accordance with the invention 

15 Fig. 7 shows an enlarged plan view of area E of Fig. 1 . 

Figs. 1 and 2 show a flow field plate in accordance with the invention. A flow field plate 1 
comprises manifolds and fastening holes 2 in a peripheral frame 18 that forms no part of the 
actual flow field. The plate also comprises a gas supply channel 3 to which a reactant gas is 
delivered by a manifold (not shown). Channel 3 communicates with gas delivery channels 4. 
20 Gas delivery channels 4 themselves connect to gas delivery sub-channels 5. In similar manner, 
a gas drain channel 6 connects with gas removal channels 7 and gas removal sub-channels 8. 
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— ffterg^ deftvery channeis and snbrx&axm&rt^^ and ^ channolo ■ 

7,8 define between them a wall 9 having a plurality of diffusion channels 1 0 that offer a flow 
path from the gas delivery channels and sub channels 4,5 to the gas removal channels and sub- 
channels 7,8. In a typical case, for a small fuel cell having a plate size of ~1 OcmxlOcm and a 
flow field working area of ~6.5cmx6.Scm, the width of the gas delivery channels would be 
about 1.25mm, for the sub-channels about 0.5mm, and for the diffusion channels about 
0.125mm. 

The wall is convoluted on two scales. 

On a first scale, it extends in a pleated or concertinaed manner from the gas supply channel 3 to 
the gas drain channel 6 and comprises wall segments 16 along each fold of the wall, and end 
wall segments 17 at each turn of the wall. The length of each fold of the wall is about 6cm in 
the example shown. 

On a second scale, the walls between end wall segments 17 are themselves pleated or 
concertinaed to form the gas delivery and gas removal sub channels 5,8. The length of the gas 
delivery and gas removal sub-channels is about 2.5mm in the example shown. 

This pattern can be repeated on a smaller or larger scale still. 

This fractal type arrangement of the flow field, in which gas passes through progressively 
diminishing channels, means that the arrangement is to some extent scalable to the size of the 
flow field plate. It further ensures a large surface area to the permeable wall. 

This arrangement also ensures that the GDL is weU supported by the flow field while ensuring 
that parts of the MEA lying above the land areas of the flow field are only a short distance from 
a channel (typically, for the arrangement shown, for the wall segments 16, within 0.5 mm or 
less of the closest channel and for end wall segment 17, within 1.25mm or less). This 
arrangement is readily scalable such that smaller wall segments 16 may be used giving still 
better access of gas to the area above the lands. Preferably no part of the flow field (and in 
particular of the wall segment 16) is more lhan 0.25mm from the closest gas delivery or 
diffusion channel. 



^^reanas-a-segea of low fl^w^esis^e^^^iv^v^W^^w^ o 
connected to a series of w fi— ^^^^ e<WB aeIs 



cornet to a series of ,ow flow resistance gas removal channels (7,8) by a permeable 

five channl T * Pr ° P ° rti0n ° f " ™ *> A-* h* having a 

^difference inpress^^ 

chattel widJl^dtT ^ ° f ^onD) and indeed the 

annel wrdths and/or depths can be varied along the lengrh of the permeable wall as reouired 
to prov.de a uniform flow across the plate. wall as remured 
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-vary - 



or 



otherwise be depleted fa gas were m , . • ^ ™ resioas *- ™>uld 

a ga, were eonsto, numbm of chamels per ^ ^ ^ 

Additionally, some or aU of the aacHifR,^ , , 
5 ^"^"—^-P-Videafarfao. 

degree of convofa*™, * . ' nepr0p0 *°» ^oluted charts and/or their 

-ay vaned ^ ^ Iength ^ ^ 

-^Wapa^eerrC!™ ^^eorap.a.e.tae^e 
10 described fa WO01/04982 will is 1 S^*** * « 

^--PO-e.^eo^ZT^d^rT^^' 1 
reactants used. OCS 0Ot react ^ficantly with the 

It is found with this technique that th* nm fi, * . 

&e channel. aC6 md a Passively flatter bottom to 

Accordingly, by applying a resist with different width , 

flow through the wall. Phoning as a choke to restrict gas 
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this case could be fo^TT^^^^^^ 
It will be readily apparent to the person skilled in the art that tW 

a permeable wall. 6 ^ WayS of Producing 

Whilethe wall 9 shown is definedby gas channels and sub-channels, it is readily apparentthat 
more or less convoluted walls can be used. aouy apparent that 

Figs. 6 and 7 show an alternative flow field plate design in accordance with the principles of the " 
present invention. A flow field plate comprises a central area 19 (for use witih a 1 
frame 18 [not shown] as in Fig 1) Tnishas* , I with a surroundmg 

a a „ i;. This has a gas supply channel 3 and a gas drain channel 

^ganawo* of ^ gas difftsion « ^/^^ 2 ° 
cnannel width therebetween are preferred. 

The present invention thereby presents a flow field that promises:- 

. compara ble performance to --terdigita^ 
normally associated with same. 
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A flow Add plate (separator) for a floe, cell „ r dechnlyser comprising m „ ^ Qne 
fece an assembly of chapels comprising one or more m ^ chamelS) ^ Qr 
more gas removal channels, and a permeable wall separating , 



same. 



A flow field plate as claimed in Calm 1. in which me permeable wall comprises a 
plurality of gas diffusion channels. 

A flow field pfcte as Calmed in Claim 2, in which no par, of me pemreab.e waU is more 
man 1.25mm from a gas diffusion channel. 

A flow Add plate as claimed in dther of Claims 2 or 3, in which the pemreable waU 
comprises impermeable material. 

Aflowfi dd p lateasolaimedinmyoMofclaims J to4>inwilich 
of convoluted form. 

A flow field p,ate as claimed in aaim 5, in which me permeable wall is coneertinaed 
havmg waU segment extending along each fold of the wall, and m d wall segments a. 
each turn of the wall. 

A flow fidd plate as dahned in dther of Claim 5 or 6. in which me penneable waU is 
convoluted on two or more scales. 

A flow fidd plate as dahned in Ciaim 6 or 7, in which tire maximum disfcnee from any 
par. of *e land area of tine fiow fidd ,o the nearest gas ddivery or gas diffusion channd 
is less than 1 .25mm. 

A flow field plare as claimed in any one of Claims 6 to 8, in which fire maximum 
thatonee finm anypar. of tine land area of wall segmenls extending along each fo.d of 
tite waU to the nearest gaa dehvery or gas diffusion channel is less man 0.5mm. 

A flow fidd plate as claimed in any one of Claims 1 to 9, in which me maximum 
dt^ce torn any par. of fire land area of tine flow fidd to me neares. gas ddivery or gas 
dimisionchannelis less than 0.25mm 
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12. 



has a length of 1 0 or more times the maximum width of the flow field. 

A flow field plate as claimed in any one of Claims 1 to 1 1 , in which the comers of the 
flow field segments are rounded. 



13. A flow fidd plate as claimed in any one of claims , to 12 , ta ^ ^ pemeabffi of 
fhepermeable waU varies a 1 ong its tag* s0 as to , mQre CTen Qf 

gas than using a constant permeability permeable wall. 



14. 



A flow field plate as claimed in Cairn 1 3, in which the permeable wall comprises gas 
drifts™, channels and the width and/or depth of these channels varies along the length 
10 of the permeable wall. 



15. 



16. 

15 



17. 



18. 

20 



A flow field plate as claimed in either Claim 13 or 14, in which the permeable wall 
comprises gas diffusion channels, and the number of gas diffusion channels per unit 
length varies along the length of the permeable waff. 

A flow field plate as claimed in any one of Ciaims f 3 to f 5, in which the permeable 
waff comprises gas diffcsion channels, and some or all of me gas diffusion channels are 
convoluted to provide a tortuous path. 

A flow fidd plate as claimed in Claim 16, in which the proportion of the convoluted gas 
diffusion channels is varied along the length of the permeable wall. 

A flow field plate as claimed in either Claim 16or 17, in which the degree of 
convolution the convoluted gas diffusion channels is varied along the tag* of the 
permeable wall. 



19. A flow field plate, as claimed in any preceding claim, in which the pemteable walls is 
defined by an array of lands forming a network of fine gas diffusion channels 
therebetween. 



25 20. 



AmemodofmaMngaflowfieldplatesasclaimedinanyoneofaaims 1 to 19 by 
applying a patterned resist having different width channels to a plate and exposing the 
Plate and resist to Sandblasting with a fine grit, to produce a pattern of channels of 
different widths and depths in the flow field plate. 
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A flow field plate for a feel oell or electrolier comprises on atleaat orre face an assembly of 
channel comprising one or more gaa delivery channels, one or more gas removal chapels, and 
a permeable wall separating aame. Tie permeable wall may comprise a plorahty of gaa 
diffusion channels. 
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Fig. 7. 
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